biological light bulbs. Deep sea species have evolved a variety of light organs for different purposes, from the glowing bait of the angler fi sh to the strong fl ashlight used for hunting. Intriguingly, the smalltooth dragonfi sh, Pachystomias microdon, has three organs producing different colours of light. The blue one appears to be all-purpose and can be seen by other species as well. The red light will be invisible to other species and is thus presumed to serve in stealth hunting or indeed in private courtship. The species also carries an orange light, for which scientists have not discovered a use yet, as Liz Langley reported in National Geographic in January. Bioluminescence has already found manifold uses in biology and biotechnology, the most prominent example being the green fl uorescent protein GFP, originally found in the jellyfi sh Aequorea victoria.
New discoveries from insuffi ciently explored depths of the oceans could help inspire the next generations of writers to dream up even more fantastic beasts. Conversely, all those who want to feed their sense of wonder do not need to turn to fi ctional species, as our biosphere still has many fantastic species to offer which we should appreciate and protect before they pass from the real world into the realm of legend.
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk What drew you to your specifi c fi eld of research? I think many of us do a random walk to the fi eld where we work for the rest of our lives. In my case, in second year university I became excited by molecular biology -the idea that we could possibly know so much about how complex machines like the ribosome function at the molecular level. I wanted to learn more about this, so I signed up for courses in "microbiology", thinking "these things are really small, that must be microbiology, right?" A month or so into this it fi nally dawned on me what I had done, but in the meantime I realized microbiology was also pretty interesting. My fi rst job was in a structural microbiology lab (Susan Koval) and she indulged my interest in DNA, but there I also learned to appreciate the microscope and cells.
If you had to choose a different fi eld of biology, what would it be? I have always thought that 'developmental microbiology' would be fascinating, but it hardly exists as a fi eld. There have been some great experiments over the years, but it's not really unifi ed or at the point of working out general principles. There are some big questions about how to accurately develop complex, asymmetrical, sub-cellular structures R86 Current Biology 27, R83-R102, February 6, 2017 over and over through cell divisions without relying on gradients across tissues (which is a common theme in the development of multicellular life). If I was starting over, I would try to do this.
Who were your key early infl uences?
Maybe Neil Peart.
Do you have a scientifi c hero (dead or alive)?
There are a few people in both microbiology and molecular biology who I think have great stories. Jacques Monod is one -not only a great scientist who obviously signifi cantly advanced the fi eld, but at the same time he was also active in the French resistance against Nazi occupation (a good story to keep your problems in perspective), and What is the best advice you've been given? Probably when R.G.E. Murray told me "You're so obsessed with DNA, you should go to Halifax and do a PhD with Ford Doolittle." I think that is exactly how he said it.
If you would not have made it as a scientist, what would you have become?
According to many of my high school teachers I would be lucky to be digging ditches (one actually said that), so who knows? I was a terrible student. I did an aptitude test in school and it said I should become a furrier, so perhaps I would have done that.
What's your favourite experiment?
Probably Marshall Nirenberg's experiment to determine the fi rst codon triplet in the genetic code. First, he was a total outsider in a pretty clubby fi eld (they really did have a club, with a tie and everything). Second, it removed all the suppositions about what the code would be, rather than testing them specifi cally. These were great ideas that were all wrong, yet more believable than the actual outcome. Nirenberg's idea swept a lot of that aside and was able to point clearly to an unexpected answer.
What has been your biggest mistake...? Answering this question truthfully would probably end up being my biggest mistake...
What is your favourite/least favourite conference?
In general, I like small meetings that are cloistered away somewhere inspiring. But the best meeting I ever went to had zero talks. It was a meeting based on fi eldwork rather than presentations; a group of scientists gathered and helped with each other's work. It was way more interactive than sitting in a room and listening to one person talk all day. The worst meeting I ever went to was a large general Microbiology meeting. As a protistologist (someone who works on microbial eukaryotes), it was a lonely experience since it seemed like there were 30,000 people at that meeting, and about 10 working on protists. Luckily a couple of my 'Real Microbiologist' friends came to my talk, so the room wasn't totally empty.
What is your greatest research ambition? I am not sure I really have one, but it is nice to hear that your work has infl uenced how younger researchers are thinking, or have gotten someone interested in the fi eld. I also like to think that the people who worked in my lab over the years are all successful and that their work makes a difference too.
Do you feel a push towards more applied science? How does that affect your own work?
No, I try not to allow this to affect my work. I feel that scientists, publishers, and researchfunding agencies should all mount a more spirited defence of basic research. One reason is, of course, that most applied science is built on decades of basic research, and if we stop doing the basic research then the applied research will quickly start to focus on incrementally improving things we already know a lot about -we will run out of important surprises. Basic research is also cheap compared to a lot of things society does (Canada's annual research budget for NSERC is less than half the cost of a single stealth bomber). But the main reason is because basic research, exploration, and our inherent desire to understand the nature of the universe are not things we should have to defend. I think humans are inherently interested in biology and nature. However, biologists have stupidly been setting themselves up for years by consistently explaining advances in terms of 'benefi ts to health or society', rather than just 'getting closer to the truth'. I think we should look to astronomers and cosmologists for guidance as to how to reconnect with a more basic sense of wonder when we explain our work to the public. Yes, there is a push, but no, it does not affect my work yet and hopefully never will.
Current Biology 27, R83-R102, February 6, 2017 R87 Do you think there is an increased need for scientists to market themselves and their science as 'a brand'? I hope not -I would be hopeless as a 'brand'. Over the long term, I believe history will separate the work of people that really made a difference from that of people who are really good at making themselves sound important. I just hope I fall into the former category.
Do you believe there is a need for more crosstalk between biological disciplines? Forcing things like this is typically a waste of time, but I do think the idea of letting people in different fi elds interact to see what happens in an unforced way is almost always interesting. By working with a group in the Canadian Institute for Advanced Research, I have seen how doing this over a long period of time is especially useful. Even if you don't 'collaborate' in the usual way, just being around people that think about things differently starts to affect how you think about things, and this almost certainly will make you a better scientist.
Any strong views on social media and science -for example, the role of science blogs in critiquing published papers? My personal experience with science blogs is pretty limited and also mixed. The internet is obviously a platform with huge potential for dissemination and discussion, and a lot of blogs are reporting current advances in science. This is great, but I really hope that people outside the fi elds that are being reported on are reading them, and that this is getting more non-scientist citizens interested in science, or at least believing that it is a good thing that someone is doing it. However, the internet is also a well-tested platform to take pot-shots at people, with little concern for the truth or justifying conclusions. There have been many studies about how people behave on the internet: they are less likely to be civil or fair, and more likely to be aggressive. In debates, it also favours endurance over facts, so radical views can come across more loudly in a debate than they probably should simply because the people shouting them, and those with the biggest axes to grind, are the last ones standing.
Which aspect of your fi eld do you wish the general public knew more about? Microbiology is a really diffi cult thing to talk about to the public because it is quite abstract (everyone knows what a plant is, but it's hard to imagine yourself in the same world a bacterium inhabits). Yet at the same time, people also have concrete and somewhat narrow ideas associated with disease and illness. So if there is one thing I wish the public knew about, it would be the vastness of microbial diversity and how most of that diversity is benign, or even essential to human life. The ones that cause disease are important to study, but so are the ones that clean our water, make our soil, draw down our carbon and create our oxygen. Earth without our 'microbial support team' would be pretty inhospitable. I wish people had the same fuzzy feelings about microbes that they do about polar bears and bald eagles. Do you think there is too much emphasis on big data-gathering collaborations as opposed to hypothesis-driven research by small groups? I think there is too much emphasis on both, actually. One thing that we are missing is time to step back and think about what all the data and hypotheses we already have really mean. Science is moving faster than ever before, which is good in many ways, but does not lend itself to deep thinking. We are also losing sight of the importance of pure exploration -just looking around to see what the world is like and how it works. Hypothesisdriven research, and most of what would be considered sane strategies to collect data, rely on already knowing a lot about a system and having a pretty well-defi ned question. But many of the really ground-breaking discoveries in biology were stumbled upon totally by mistake, or just by looking at the unknown. In my fi eld we still know so little that we just have to look around more often and see what jumps out at us. As for how we actually do this, it has been shown that smaller labs are more effi cient at using funding to generate important discoveries. A lot of funding is currently going in the opposite direction because it sounds like 'big science' and I am sure it is less effective. Some questions require a large concerted effort, but for many problems we are better off letting several groups attack it independently from their own perspectives because we don't really know the best way to deal with it.
If you could ask an omniscient higher being one scientifi c question, what would it be and why? Ah, I suppose I would be tempted to ask "Why do so many people believe you exist against all evidence?" This is because as an evolutionary biologist I have to deal with anti-science faith-based arguments from time to time. But more generally, this post-truth world we live in is really worrying to me. Public discourse is getting to the point where someone can be characterized as lacking credibility simply because they are an expert in a subject with decades of experience. Right now it is more important than ever to use as much of the knowledge and expertise we have to solve some pretty big problems, not sweep them under the carpet with wishful thinking. But science has lost some of its credibility as an impartial mechanism to fi gure out how things are. There are a number of reasons for this, and partly it is ironically due to the push to applied research rather than just fi nding the truth. Scientists also need to change the way they talk about science to the public, and learn more about how people make decisions so they are better at communicating what science tells us and what we still need to learn.
